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Abstract
The general crustal structure of the Youanmi Terrane – a tectonic unit within the Neoarchean Yilgarn Craton – and its 
relationship to ore deposits are of major interest in Western Australia. To image geological structures, the Geological Survey of 
Western Australia in collaboration with Geoscience Australia acquired three deep crustal 2D seismic profiles over the region in 
2010. In this study, we have reprocessed a 120 km long section of one of the seismic profiles, line 10GA-YU1. We reprocessed 
the data with focus on shallow reflections down to 2 s (about 6 km depth). A cross-dip analysis was performed to investigate the 
dip of the reflections in cross-line direction. The cross-dip analysis showed that there is no significant cross-dip influence, 
confirming that a 2D interpretation is a valid assumption for this dataset. The seismic image of the reflections was improved after 
applying dip-moveout correction. Finally, the reflections were migrated to their “true” locations in the subsurface. To better 
understand the physical properties of the subsurface, we also tried First Arrival Travel-Time Tomography. The tomography 
results show that low velocities correlate with shear zones and that high velocity zones are common where mineral deposits are
located close to the surface.
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1. Introduction
The Youanmi terrane constitutes the central tectonic unit of the Yilgarn Craton, Western Australia, a Neoarchean 
granite-greenstone unit containing numerous mines, and economic deposits of gold, nickel, iron, base metals, and 
uranium.
The Youanmi terrane is bounded by the Kalgoorlie Terrane to the east, the Narryer terrane to the northwest and 
the South West Terrane to the southwest. In 2010, Geoscience Australia and the Geological Survey of Western 
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Australia acquired three deep crustal 2D seismic reflection profiles with a total length of about 700 km with the 
objective to study the transitions between the individual terranes, and to identify potential mineralized areas. 
Correlated record lengths of 20 seconds allow the deep structure of the crust to be investigated with the data, down 
to Moho depths and greater. Initial processing using a conventional 2D flow showed a highly reflective crust with 
several interesting features [1]. We have reprocessed the data following mainly the previous processing flow [1], but 
with a focus on the shallower crust, less than 2 seconds (about 6 km). We chose a portion of the seismic profile 
10GA-YU1 in the vicinity of ore deposits and mines (see Fig. 1). The selected segment has a length of about 120 
km. We also tried to extract more information on the physical properties of the subsurface by applying First Arrival 
Travel-time Tomography.
Fig. 1. Simplified geological map of the Northern Murchison Domain of the Youanmi Terrane, and the location of the seismic profiles; the 
rectangle shows the selected portion which was processed in this research, stars refer to selected gold deposits in the study area (after Wyche et 
al., 2013, their Fig. 13 in [1]) .
2. Data Acquisition and processing
The Youanmi data were acquired using three vibrator sources with 80 m source spacing and 3 sweeps per 
vibrator point. To increase the depth of signal penetration, the data were collected with 2 sweeps and 40 m source 
spacing where the survey passed over greenstone rock units. Group geophone spacing was 40 m (Table 1). 
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We tried to focus on shallow depths in reprocessing the data, less than 2 seconds, to enhance shallow reflections 
and allow correlation of reflections originating from geological structures related to the shallow ore deposits. Table 
2 shows the reprocessing flow we have followed for this dataset. Because of the 3D complex geology and the 
crookedness of the seismic profile, cross-dip analysis could be expected to delineate and enhance geological 
structures better [2-4]. A median and an f-k filter were designed and used to attenuate shear waves and ground roll. 
The cross-dip analysis was performed for the selected portion of the seismic profile YU1 with a wide range of dip 
angles from -85 to +85 degrees and a velocity of 6000 m/s. Though not significant, a dip of +5 degrees was found to 
be the optimum cross-dip correction to be used in the processing. Fig. 2 shows a comparison of the stacked section 
of the seismic profile before and after the cross-dip correction. Furthermore, a careful velocity analysis with DMO 
corrections was then performed. The stacked section was improved and steeply dipping reflections were imaged 
after DMO. To improve the velocity model, velocities were picked again based on DMO corrected CDP gathers. 
The updated velocity model was used to apply the NMO correction and the final stacked section was obtained (Fig. 
3). Stolt migration was performed to migrate and locate reflections in their “true” locations. Fig. 4 shows a 3D view 
of the migrated section with tectonic structures and lithological boundaries based on an available surface geological 
map from the Geological Survey of Western Australia.
Table 1. Acquisition parameters used for the Youamni project [1]
Source type                     3 IVI Hemi-60 Vibrator
Source array                      15 m pad-to-pad, 15 m move up
Sweep length                  3*12 s and 2*12 s
Sweep frequency            6-64 Hz, 12-96 Hz, 8-72 Hz and 6-64 Hz, 8-84 Hz
Vibration Point (VP) interval    80 m and 40 m
Receiver group 12 geophones @ 3.3 m spacing
Group interval 40 m
Number of Live channels 300
Record Length 20 s
Sampling rate 2 ms
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Fig. 2. Comparison of the stacked sections (a) before and (b) after cross-dip correction.  The cross-dip correction is not significant, but the 
coherencies of the reflections are slightly improved, especially in the area marked by the ellipse.
Table 2. Processing flow of the seismic profile YU1
Reading SEGD files
Pre-processing and Geometry set up
Trace edits and inner muting
Spherical divergence correction
Zero-phase deconvolution (SPEQ 10-20-60-80 Hz)
Median and f-k filtering
Refraction static correction
Velocity Analysis
Cross-dip correction (+5 dip angle)
Velocity Analysis
Residual statics correction
DMO 
Velocity Analysis
NMO correction
Stacking and application of datum correction
Coherency filtering (FX decon)
Band-pass filtering (20-30-60-80 Hz)
Migration (Stolt migration)
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3. First Arrival Travel-Time Tomography
Refraction travel-time tomography is one of the methods in seismic imaging and inversion that can be used to 
analyze physical properties in the subsurface. First arrival travel-time inversion has been used in many applications 
such as mining and hard rock seismic exploration [5, 6]. The inversion is done with static corrections calculated 
simultaneously for both receivers and sources. This results in a higher quality velocity model for shallow depth [6].
The tomography model consisted of a cube with a size of 120 km in the X direction (east-west), 15 km in the Y 
direction (north-south) and 1.025 km in the Z direction, starting from 525 m above sea level. The forward modeling 
in the inversion process was parameterized using a node spacing of 25 m, however, the inversion cells had 
dimension of 50 × 15000 × 25 m3. Fig. 5 shows the first arrival inversion slice over the migrated seismic section of 
the selected profile. The inversion was performed with 6 iterations.
Fig. 3. DMO stacked section of the seismic profile YU1
4. Discussion
The data were mainly processed in a standard way. The cross-dip analysis showed that there is no significant 
cross-dip correction. This suggests that a 2D interpretation is a valid assumption for this dataset. Based on that, most 
of the steeply dipping reflections can be correlated to their corresponding geological structures (e.g. bedding planes, 
faults or fault systems), which are mapped on the surface geological map. Whereas the first arrival tomography 
result can provide a more accurate velocity model of the shallow subsurface, the result is limited in depth due to a 
maximum offset of the survey and the velocity gradient of the subsurface. The maximum offset is 6 km; therefore 
the depth of investigation of the seismic inversion is expected to be about 600 m (one-tenth of the maximum offset). 
However, the tomography result provides us with a better measure of the bedrock depth and also indicates the places 
where bedrock outcrops, and where potential gold bearing zones and ore deposits are located (Fig. 5). Low velocity 
zones on the tomography section are consistent with shear zone are found in the area [1].
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Fig. 4. 3D view of the migrated section and geological map of the area (view from south-west, red and blue lines depict faults and lithological 
boundaries respectively)
5. Conclusions
This research showed that the cross-dip correction can help to enhance reflections slightly, and make them more 
coherent. On other hand, a cross-dip of +5 degrees is not significant and this validates the use of a 2D interpretation 
along the seismic line. The maximum offset of the survey is about 6 km which limits the investigation depth of the 
first arrival tomography. The inversion slice along the seismic profile shows a good correlation with ore deposits 
and shear zone locations. Full waveform inversion is planned to complement the study.
Fig. 5. The migrated section and the tomography result. Low velocities on the inversion slice are consistent with shear zones, and gold 
mineralization along the profile is associated with high velocities where the bedrock has outcrop.
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